Cyanamide (NH 2 CN) is found in nature, although it has long been recognized as an industrial product. Distribution of cyanamide in the plant kingdom was investigated using a direct quantitative determination method to detect and measure cyanamide by stable isotope dilution gas chromatography-mass spectrometry (the SID-GC-MS method). The SID-GC-MS method proved to be a robust way to quantify cyanamide contents in the extracts of 101 species of herbaceous plants. The average recovery of cyanamide from all plants tested was 55:6 AE 20:3%. Vicia villosa and V. cracca contained cyanamide at 369-498 g/gFW and 3,460-3,579 g/gFW respectively, while the other 99 species contained no detectable cyanamide (< 1 g/ gFW). This result suggests that distribution of cyanamide in the plant kingdom is limited and uneven.
Cyanamide (NH 2 CN) is found in nature, although it has long been recognized as an industrial product. 1) In the form of its calcium salt, synthesized from calcium carbide and nitrogen gas under high temperature and at high pressure, cyanamide was first produced in Germany in 1898, as the first artificial fertilizer. 2, 3) We isolated cyanamide from the crude extract of a leguminous plant, the hairy vetch Vicia villosa (''nayokusafuji'' in Japanese), as a major plant growth inhibitory compound. 1) We also confirmed its natural occurrence by a feeding experiment using
15 N-labeled nitrate. 4) Distribution of cyanamide in the plant kingdom was the next subject to investigate. Knowledge of this promised to allow us to understand the physiological function of cyanamide in plants, to obtain plant material suitable for biosynthetic study, and to investigate the genetic code of cyanamide biosynthesis. To conduct a survey that would serve our purpose, we established a direct quantitative determination method to detect and measure cyanamide by stable isotope dilution gas chromatography-mass spectrometry (the SID-GC-MS method). 5) In the present paper, we describe the quantification of cyanamide contents in herbaceous plants by this method.
The SID-GC-MS method proved to be a robust way to quantify cyanamide contents in the extracts of various plants. In this method, extracts are purified with a normal phase cartridge column after adding an internal standard, ( 15 N 2 )cyanamide. Although this simple purification procedure is one of the method's merits, it allows some impurities to remain in samples prepared for the GC-MS analysis. We confirmed that the extract from V. villosa gave a satisfactory resolution without the interference of any peaks derived from impurities, 5) but we had no practical data on the extracts of other plants. Analysis of 101 species revealed that peaks from remaining impurities hardly disturbed the identification and quantification of cyanamide. The mass chromatograms for the analysis of the extract of V. angustifolia are shown in Fig. 1 . The area of the peak at t R 8.4 min on the mass chromatogram at m=z 44 was derived from the [M] þ ion of the internal standard added (MW 44), while that at m=z 42 was derived from the [M] þ ion of the isotopic impurity (Fig. 1b) . Analysis of the internal standard alone revealed that the peak area ratio at m=z 42 and 44 was 2.0:98.0. If the sample had contained natural cyanamide (MW 42), the area at m=z 42 would have been significantly larger. We fixed the limit of quantification at a ratio 1:10 in order to quantify more than 1.0 mg/gFW of cyanamide.
Recovery of cyanamide was high enough for accurate quantification. Analysis of 101 species revealed the average value of recovery to be 55:6 AE 20:3% (average AE standard deviation). In principle, recovery has no connection with accuracy, for the ratio of the targeted compound to its internal standard remains constant from the beginning until analysis. The credibility of the quantification, however, should depend partly on recovery for the following two reasons: high recovery should exclude the influence of possible isotopic effects that can alter the ratio of ( 14 N 2 )-to ( 15 N 2 )cyanamide during the purification procedure, and it should increase the accuracy of the areas measured on the chromatograms.
Of the 101 species tested, cyanamide was detected only in two Vicia species. Vicia villosa and the bird vetch V. cracca (''kusafuji'' in Japanese) contained cyanamide at 369-498 mg/gFW and 3,460-3,579 mg/ gFW respectively (Table 1) . It was unclear whether the difference in these measurements resulted from differences in the species' character or from environmental factors. Other Vicia species, V. amoena, V. angustifolia, V. hirsuta, and V. unijuga, contained no detectable cyanamide (< 1 mg/gFW), showing that not all Vicia species were able to biosynthesize cyanamide. The same was true for the plants of other genera that we tested.
Distribution of cyanamide in the plant kingdom is limited. Cyanamide cannot be an essential component in the metabolic pathway of plants, for if it were, then it would be contained in a variety of plants. We In order to avoid ambiguity in identification, plants in bloom were sampled. The plants described below were collected in Nagano, except for Vicia hirsuta (which was collected in Ibaraki, Japan): Achyranthes japonica, Amaranthus patulus Ã (Amaranthaceae), Lycoris radiata (Amaryllidaceae), Aralia cordata (Araliaceae), Impatiens textori (Balsaminaceae), Cucubalus baccifer, Dianthus superbus, Saponaria officinalis, Stellaria media (Caryophyllaceae), Commelina communis (Commelinaceae), Artemisia vulgaris, Aster ageratoides var. adustus, A. ageratoides var. ovatus, Chrysanthemum leucanthemum, Cirsium tanakae, Coreopsis lanceolata, Erigeron annuus, E. philadelphicus, Eupatorium japonicum, Galinsoga parviflora, Helianthus tuberosus, Kalimeris pinnatifida, K. pseudoyomera Ã , Lactuca denticulata, L. stolonifera, Picris hieracioides, Solidago altissima, S. virga-aurea, Taraxacum officinale, Youngia japonica (Compositae), Capsella bursa-pastoris, Cardamine flexuosa, Draba nemorosa, Lepidium virginicum (Cruciferae), Carex aphanolepis, (Cyperaceae), Equisetum arvense (Equisetaceae), Geranium thunbergii (Geraniaceae), Agrostis palustris, Dactylis glomerata, Digitaria adscendens, Eleusine indica, Eragrostis ferruginea, Lolium perenne Ã , Miscanthus sinensis, Oplismenus undulatifolus, Paspalum thunbergii, Pennisetum japonicum, Phleum pratense, Poa pratensis, Setaria viridis (Gramineae), Juncus tenuis (Juncaceae), Elsholtzia ciliata, Isodon inflexus, Lamium purpureum, Mentha arvensis (Labiatae), Amphicarpaea edgeworthii, Desmodium fallax, D. racemosum, Indigofera pseudo-tinctoria, Pueraria thunbergiana, Trifolium pratense, T. repens, Vicia amoena, V. angustifolia, V. cracca, V. hirsuta, V. unijuga, V. villosa (Leguminosae), Hemerocallis fulva, Hosta albomarginata, Scilla scilloides (Liliaceae), Circaea mollis, Oenothera biennis (Oenotheraceae), Chelidonium majus, Corydalis incisa, Macleya cordata (Papaveraceae), Phryma leptostachya (Phrymaceae), Phytolacca americana (Phytolaccaceae), Plantago asiatica (Plantaginaceae), Fagopyrum escu- m-(Trifluoromethyl)benzonitrile (MW 171) was added to the purified extract as an internal standard to correct errors in GC-MS analysis. lentum, Persicaria blumei, P. senticosa, P. thunbergii, Polygonum filiforme, P. orientale, Rumex acetosella, R. obtusifolius Ã (Polygonaceae), Athyrium yokoscense (Polypodiaceae), Ranunculus acris, Thalictrum thunbergii (Ranunculaceae), Agrimonia eupatoria var. pilosa, Duchesnea chrysantha, Geum japonicum (Rosaceae), Galium gracilens, Paederia scandens (Rubiaceae), Houttuynia cordata (Saururaceae), Verbascum thapsus, Veronica persica (Scrophulariaceae), Torilis anthriscus (Umbelliferae), Boehmeria spicataÂtricuspis Ã (Urticaceae), Viola keiskei (Violaceae), and Vitis thunbergii (Vitaceae).
Extraction and purification of cyanamide. Fresh plant materials equivalent to 2.0 gFW were cut to 1 mm length and ground using a ceramic mortar with 20 ml of ( 15 N 2 )cyanamide aqueous solution (1,000 ppm) and 3 ml of acetone. After the addition of 10 ml of DMSO, the extract was concentrated using an evaporator at 30 C. The concentrated extract was diluted with 500 ml of acetone and applied to a silica gel cartridge column (Bond Elut SI, 500 mg; Varian) that was preconditioned with n-hexane. It was eluted using mixtures of acetone and n-hexane (2:8, 3:7, and 4:6, each 3 ml). The last two fractions were combined and concentrated to 2 ml using an evaporator at 30 C. To 1 ml of the solution, 10 ml of m-(trifluoromethyl)benzonitrile (1,000 ppm in MeOH) was added as an internal standard to correct errors in GC-MS analysis. A 2-ml portion of the sample was subjected to GC-MS analysis.
GC-MS analysis. The analytical conditions were as follows: GC-MS instrument, QP-5000 (Shimadzu, Kyoto, Japan); analytical column, CP-Sil 8 CB for amines (0.25 mm I.D., 30 m length, 0.25 mm thickness) (GL Sciences, Tokyo, Japan); injector temperature, 250 C; interface temperature (ion source temperature), 250 C; ionizing voltage, 70 eV (EI-MS); signal sampling rate, 0.2 s; injection mode, splitless mode with 30-s sampling time; injection volume, 2.0 ml; column temperature, 50 C for the initial 5 min followed by an increase in temperature of 15 C/min up to 250 C and maintained at 250 C for 3 min; carrier gas, He; total flow rate, 50 ml/min; column flow rate, 1 ml/min. Cyanamide was detected at t R 8.4 min. The area on the mass chromatogram of the [M] þ ion (m=z 42) derived from natural cyanamide was compared with that (m=z 44) derived from the internal standard. The procedure was described in detail in our previous work. 5) 
